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Abstract 
A new method of measuring the Faraday rotation angle directly in optical current transducer (OCT) is proposed  
based on conoscopic interference pattern. The concept of conoscopic interference and isogyres is illustrated. The 
relationship between the isogyres angleΦ and the polarized plane rotation angleθ caused by the polarizer rotation is 
deduced to 2θ = Φ . This rule can be used to measure the Faraday rotation angle in OCT according to the Faraday 
magneto-optic effect when a linear polarized light beam passing through a crystal and current magnetic field acting 
on it at the same time, the polarized plane will be rotated and the angle of isogyre will be changed. An experiment is 
designed to demonstrate the relationship between the coil current and the isogyre angle. CCD camera are used to 
capture the conoscopic interference pattern to measure the current of coils, the angle of isogyre is calculated by image 
processing technology. The measuring range is 18 times of traditional OCT.  This experiment proves the relationship 
between the isogyres angle Φ and the polarized plane rotation angleθ , and the linear relationship between the 
current and the isogyre angle is realized.  
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1. Introduction 
In the last few decades, the capacity of electric power system has rapidly increased. The oil immersed 
transformer has been unable to adapt to the demand of high-voltage, high-current and high-power. In this 
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case, the optical current transducer (OCT) came into people view with its unique advantage and achieved 
greatly interested . 
The basic principle of OCT is Faraday magneto-optic effect. Due to no capability to measure Faraday 
rotation angle directly, the traditional OCT transforms the rotation angle into light intensity by Malus-Law. 
And the formula used in traditional OCT is given by [1-5]: 
 
2cos (45 ) (1 sin 2 ) / 2 (1 2 ) / 2o i i iP P P Pθ θ θ= + = − ≈ −   (1) 
In (1), due to small angle θ , we consider 
 
sin 2 2θ θ≈                                                                          (2) 
Thus this indirectly measuring θ  method is approximately linearly. To ensure the accuracy, the 
Faraday rotation angle must be less than 5o in this kind of OCT in general. The environmental factors, 
such as temperature fluctuation and vibration, affect the optical current transducer relatively significantly. 
They have seriously hampered the development of OCT, and  severely limits it to practical application .To 
get rid of this obstacle , a novel type of OCT which used conoscopic interference pattern to directly 
measure the Faraday rotation angle were proposed.  
2. Conoscopic Interference of linear polarized light  
When a linear polarized convergence beam passes through a uniaxial crystal, it will transfer into 
elliptically polarized light by the birefringence of uniaxial crystal. With the difference of the incidence 
angle the polarized state will be different, and light intensity distribution will form after the analyzer, is 
referred to as isogyres [6-8]. 
2.1. The light intensity distribution of conoscopic interference 
        
Fig.1. (a) Conoscopic interference coordinates: setup Cartesian coordinate system according to crystal axis of uniaxial crystal (e and 
o). P1，P2 is the direction of polarizer (the polarized plane of incident light) and analyzer respectively，α is the angle of between 
P1，P2，ϕ is the included of P1 and e; (b)The isogyres coordinates: setup  Cartesian coordinate system according to the direction of 
the perpendicular polarizer at first . P1 is the polarization direction of incident light(and the same as the direction of the polarizer) P2 
is the polarization direction of the analyzer. 1θ is the included angle of x to e  axis， 2θ is the included angle x axis to P1 
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Cartesian coordinate system of conoscopic interference is setupped according to crystal axis of uniaxial 
crystal to deduce the light intensity distribution formula of conoscopic interference. 
The components of the incident light vector is shown in Fig 1, the Jones vector in o-e coordinate 
system is as follow [7, 8], δ is the phase difference of o and e light in crystal . 
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In x-y coordinate system, it can be written as 
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Then the light beam crosses analyzer, the Jones vector becomes 
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So the output light intensity distribution is   
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According to (6), we can draw the light intensity distribution pattern of conoscopic interference as 
shown in Fig. 2. 
 
    
Fig.2. Light intensity distribution pattern of conoscopic interference: (a) The direction of incident light polarization and the 
transmission direction of the analyzer are perpendicular (the Faraday rotation angle is 90o); (b) The direction of incident light 
polarization  and the transmission direction of the analyzer direction are parallel  (the Faraday rotation angle is 0 o) 
When the transmission direction of polarizer is perpendicular to analyzer’s, we will observe the dark 
cross (is referred to as the isogyre) as Fig. 2 (a). Conversely, we will observe the bright cross as Fig. 2 (b). 
This phenomenon can be explained by (6). When 2 / 2θ π=  (the transmission direction of polarizer is 
perpendicular to analyzer’s,) the light intensity will be zero at the location of 1 0θ = or / 2π , the dark cross 
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will be observed. When 2 0θ =  (the transmissiondirection of polarizer is parallel to analyzer’s), the light 
intensity becomes strongest at the location of 1 0θ = or / 2π , the bright cross will be observed. 
2.2. The relation of isogyres’s angle and the Faraday rotation angle  
Derivation for formula (6) , for looking for the Max. position of the light intensity distribution 
 
2 2
1 2 1 1 2 1 2 1
1
2sin [cos 2 sin(2 2 ) sin 2 cos(2 2 )]=2sin sin(2 4 )
2 2
I δ δθ θ θ θ θ θ θ θθ
∂ = − − − −∂   (7) 
If (7) is equal to 0, for 2sin / 2 0δ ≠ , it is known that 
 
2 12θ θ=                                                                       (8) 
Instead of  the incident plane polarized light rotation rotating by the polarizer with the Faraday 
magneto-optic effect，so the incident light polarization rotation angle 2θ  defined as the Faraday rotation 
angle θ ; and the isogyre rotates angle 1θ  (the horizontal line of the dark cross rotates angle from original 
horizontal position) defined as Φ ,so 
 
2θ = Φ                                                                (9) 
So the angle of isogyres is half of the Faraday rotation angle 
Fig. 3 shows the relationship between Faraday rotation angle and the angle of isogyres in conoscopic 
interference: 
 
 
Fig.3. The light intensity distribution at the same isochromatic in the polar coordinate: the relationship between the isogyre’s angle 
and the polarizer’s angle  
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From Fig. 3, we found that the period of light intensity distribution of isogyres is π/2, so the measuring 
range of isogyre angle is π/4, the measuring range of Faraday rotation angle is π/2.  
3. Experiment
Employing the Faraday magneto-optic effect experiment , we fix the direction of the polarizer and the 
analyzer as perpendicular to each other. The linear polarized light beam passes through the Faraday 
modulator shown in Fig. 4, according to the Faraday magneto-optic effect, the polarized plane angle of the 
linear polarized light through the crystal will change as the current of the coil changing , defined as the 
Faraday rotation angle and equal to  twice the angle of isogyres . This rule can be used to measure current. 
3.1. Experiment 
 
 
Fig.4. Txperiment setup :(a)Optical current transducer (OCT) principle diagram  (b) Actual device 
From the analysis above we know that the relation of the angle of the isogyresΦ and polarization plane 
rotation angleθ is 2θ = Φ . We can use this rule to measure current. The principle is shown in Fig. 4. 
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Fig.5. The pattern of conoscopic light interference (the pattern of isogyres): (a) The transmission direction of polarizer and analyzer 
is perpendicular (the Faraday rotation angle is 90o); (b) The transmission direction of polarizer and analyzer is parallel (the Faraday 
rotation angle is 90o) 
First the current is zero , adjust the polarization direction of polarizer and the analyzer to perpendicular . 
It will display interference pattern of isogyre as shown in Fig. 5(a), (if the polarizer and analyzer are 
parallel , the image as Fig. 5(b)). Then changing the currents, the isogyre will rotate with the currents. 
Contrast Fig. 5 (a) and (b), we found that the isogyre shape’s angle will rotate π/4 when Faraday angle 
rotates π/2, which is consistent with (9). 
3.2. Experiment results and concluding remark 
The angle of isogyres will rotate when we change the current of Faraday modulator. We used CCD 
camera to shoot the pattern, and use image processing technology (MATLAB) to calculate the angle of 
isogypre [9], and then obtained the Faraday rotation angle. The result list in Table1 
Table 1.the test data  
 
Current
（A） 
Isogyres’s 
angle（o） 
Rotation angle of 
isogyres（o） 
Faraday rotation 
angle(o) 
0 0 —— 0 
0.5 2.3275 2.3275 4.655 
1 4.6985 2.371 9.397 
1.5 6.9867 2.2846 13.9734 
2 9.0814 2.0947 18.1628 
2.5 11.392 2.3106 22.784 
3 13.824 2.432 27.648 
 
 
Fig.6. The test data figure 
The maximum Faraday rotation angle of the faraday modulator in this experiment is 28o, so the 
measurement angle under 28o. According to Table 1, the accuracy is priority to 0.4o. In fact, the maximum 
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Faraday rotation angle is 90o , the relatively error is under 0.5% in this case. The method is feasible in 
current measurement, and can be used in directly measurement of Faraday rotation angle in OCT.  
3.3. The main measurement errors of this experiment 
The error sources of this experiment are as follow: 
• (a)The conoscopic interference pattern is transformed into binary image and the centers of the four 
parts be calculated to get the angle of isogyre. This kind of algorithms lost a part of quantity 
information and the accuracy decreased. We will study the  algorithms  of analysis the pattern to 
improve the accuracy.  
• (b)Light intensity distribution of  the pattern is nonuniform . It also decreased the measurement 
accuracy. 
Only direct current be measured,  we will devote to design experiments to measure alternating current 
4. Conclusion  
A novel method of OCT which uses conoscopic light interference to measure Faraday rotation angle is 
discussed. The relation between the isogyres’s angle Φ and polarized plane rotation angle(Faraday 
rotation angle)θ  is deduced to 2θ = Φ . An experiment is designed to measure current in accordance with 
this rule. CCD camera is used to capture the conoscopic interference pattern to measure the current of 
coils, the isogyre’s angle of conoscopic is calculated by image processing technology. The accuracy of 
this experiment is priority to 0.4o and the maximum measuring angle of this method is 90o, 18 times of 
traditional OCT. So this method is feasible in current measurement, and is of obvious advantage 
compared with traditional OCT. 
This method of conoscopic light interference can also be used in measurement of phase difference 
directly in Optical Voltage Transformer (OVT). 
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